ABSTRACT AX J1745.6-2901 is a Low Mass X-ray Binary with an accreting neutron star, showing clear evidence for highly ionized absorption. Strong ionized Fe Kα and Kβ absorption lines are always observed during the soft state, whereas they disappear during the hard states. We computed photoionization stability curves for the hard and the soft state, under different assumptions on the adopted spectral energy distributions and the physical parameters of the plasma. We observe that the ionized absorber lies always on a stable branch of the photoionization stability curve during the soft state, while it becomes unstable during the hard state. This suggests that photoionization instability plays a key role in defining the observable properties of the ionized absorber. The same process might explain the disappearance of the high ionization absorber/wind, during the hard state in other accreting neutron stars and black holes.
INTRODUCTION
Outflows, in the form of collimated jets and wide angle winds, are ubiquitous components of accretion onto compact objects Ponti et al. 2012) . Indeed, a compact steady jet, best traced in the radio band, is a universal characteristic of the observed canonical hard state in accreting black holes (BHs) and neutron stars (NSs; Fender et al. 2004; . As the source transits from the hard to the soft state, the jet becomes erratic, showing major radio flares that can be resolved into discrete ejecta moving at relativistic speed (Mirabel & Rodríguez 1994; Hjellming & Rupen 1995; Fender et al. 1999) . On the other hand, jets are quenched in the soft state (Fender et al. 1999 Corbel et al. 2000 Corbel et al. , 2004 Tudose et al. 2009; Coriat et al. 2011; Russell et al. 2011) . Winds, traced by high ionization absorption lines such as Fe xxv and Fe xxvi, are another fundamental component of accretion (see Ponti et al. 2016 , and references therein). Interestingly, the evolution of winds seems to be complementary to the one of jets. Indeed, winds are a universal component during the soft state, while they are typically not observed during the E-mail: bianchi@fis.uniroma3.it (SB) canonical hard state (Neilsen & Lee 2009; Ponti et al. 2012 Ponti et al. , 2014 .
The nature of the apparent mutual exclusion between the presence of the jet and the wind is still highly debated. It was initially suggested that jets and winds might be two different manifestations of the same outflow, which would be classified as a jet when collimated and as a wind otherwise (Neilsen & Lee 2009 ). However, the simultaneous detection of a jet and a wind in a few accreting BHs and NSs appears to exclude this possibility (e.g., V404 Cyg, one observation of GRS 1915+105, GX 13+1, Sco X-1 and Cir X-1; Muñoz-Darias et al. 2016 , 2017 Homan et al. 2016) .
It is possible that the observed phenomenology of the outflow is driven by the state of the accretion flow (Ponti et al. 2012 (Ponti et al. , 2016 . For example, it was proposed that the disappearance of the wind/ionized-absorption during the hard state might be due to over-ionization, as a consequence of the much harder illuminating spectral energy distribution (SED). However, it has been shown that in many instances (including the case of AX J1745.6-2901) the ionized absorption does not vanish because of over-ionization (e.g. Miller et al. 2012; Neilsen & Homan 2012; Ponti et al. 2015) .
On the other hand, the different illuminating SEDs produced by the accretion flow over the various states could have more subtle effects, making the wind/absorption photoionization unstable (Chakravorty et al. 2013) . Indeed, it has been shown that a very hard X-ray SED, typically observed during the canonical hard state, can generate photoionization instabilities once it illuminates the wind, preventing it from lying within the range of parameter space typically observed during the soft state (Chakravorty et al. 2013) . We plan here to check whether this is indeed the case thanks to extensive XMM-Newton and NuSTAR observations of one of the best monitored Low Mass X-ray Binary (LMXB), AX J1745.6-2901, allowing us to detail the evolution of the SED.
2 THE SEDS OF AX J1745.6-2901 AX J1745.6-2901 is a transient accreting NS, classified as an atoll source (Gladstone et al. 2007 ). These systems accrete at mid to low accretion rates ( 30% the Eddington luminosity), showing very similar hard and soft accretion states (i.e. timing and spectral properties), as well as accretion/ejection coupling, to those observed in BH transients Motta et al. 2017) . The orbital plane and accretion disc in this system are observed at a high inclination, showing dips, eclipses, and clear evidence for highly ionized absorption (Hyodo et al. 2009; Ponti et al. 2015) . Ponti et al. (2017) confirmed, with a large number of X-ray observations, the ubiquitous presence of intense ionized Fe Kα and Kβ absorption lines during the soft state, which disappear with tight upper limits during the hard states. As explicitly shown by Ponti et al. (2015) , if the plasma retained its physical properties (i.e. density and location) in the hard states, it would remain easily detectable with the available observations. In order to compute the self-consistent photoionization model in their analysis, Ponti et al. (2015) constructed Spectral Energy Distributions (SEDs) of the central source illuminating the plasma, based on NuSTAR data, whose 3-78 keV energy band covers the most relevant part of the spectrum for very highly ionized plasma. In this energy band, the intrinsic SEDs can be modelled by a multi-colour disc emission and a power law arising from Comptonization of its seed photons. In the soft state, the inner temperature of the dominant disc component is well constrained (kT = 2 keV), while only a very weak and steep power law component is observed. On the other hand, the hard state is dominated by the power law (Γ = 1.9), and the disc emission is basically unconstrained, due to the very large Galactic absorption in the line of sight. An inner temperature of the disc kT = 0.3 keV is assumed, together with a fraction fsc = 0.8 of Comptonized seed photons. For the optical and infrared bands of the SEDs, emission from the irradiated disc is modelled by a blackbody with temperature T = 15 000 and 7 000 K, for the soft and hard state, respectively. The contribution at radio-to-infrared frequencies from a compact jet is only added in the hard state. The resulting SEDs, shown in Fig. 1 , will be referred to as the baseline SEDs in this paper. The ratio of the total ionizing luminosities of these SEDs is L h /Ls ∼ 0.155.
In order to investigate the effects of our assumptions on the baseline SEDs, we constructed other SEDs as follows. During the soft state the unabsorbed X-ray flux lies within −10 erg cm −2 s −1 (Ponti et al. 2017) . From figure 2 of Migliari & Fender (2006) , we derive a radio flux at 8.5 GHz of 0.09 mJy, would the source be in the hard state. We expect that the radio flux might be quenched, in the soft state, therefore we may assume F8.5 = 0.009 mJy, in any case larger than what assumed in the baseline SED (see 'RL' SED in the left panel of Fig. 2) . Ponti et al. (2017) performed a very detailed analysis of simultaneous XMMNewton-NuSTAR observations of AX J1745.6-2901, adopting different models. We decided to test here two of them, both characterised by a multi-coloured disc and a relativistic iron line, plus a third component, either a blackbody (dubbed 'dbb-bb-dl' in Ponti et al, 2017) , or a Comptonization model (dubbed 'dbb-nth-dl' in Ponti et al, 2017) . All the soft state SEDs become undistinguishable, as expected, above ν ∼ 10 18 Hz, being constrained by the X-ray data. As for the hard state, the unabsorbed X-ray flux lies within the range F2−10 = 4.4 − 4.9 × 10 −11 erg cm −2 s −1 (Ponti et al. 2017 ), so we derive a radio flux at 8.5 GHz as low as 0.002 mJy, considering the spread and uncertainty on the slope of the relation in Migliari & Fender (2006) . This is significantly lower than what assumed in the baseline SED: we refer to this SED as 'RQ' in the right panel of Fig. 2 . Ponti et al. (2017) found no high energy cutoff in the NuSTAR spectra, so that any high energy cutoff, if present, would be located beyond the NuSTAR energy band. We can therefore assume a conservative value of 100 keV for the cutoff in the SED we dub 'cutoff' in Fig. 2 . Finally, Ponti et al. (2017) observed that any inner disc temperature in the range kT = 0.2 − 0.7 keV and Comptonisation fractions fsc = 0.3 − 1.0 are consistent with the data. We therefore constructed other two extreme SEDs: one with fsc = 1.0 and kT = 0.7 keV, and the other with fsc = 0.3 and kT = 0.4 keV, dubbed 'hot' and 'starved', respectively, in Fig. 2 . 
THE STABILITY CURVES
A photoionized gas will reach an equilibrium at an ionization parameter 1 ξ = L/nr 2 and temperature T , as a consequence of competing heating and cooling processes depending on its physical and chemical properties, and the illuminating radiation field. It is customary to plot these equilibrium states in a stability curve in a T − ξ/T diagram (e.g. Krolik et al. 1981) . Assuming L/r 2 constant, the latter parameter, ξ/T ∼ L/r 2 nT ∼ 1/p, is a proxy for the pressure p of the gas. In this diagram, the region on the left-hand side of the stability curve is dominated by cooling processes, while the right-hand side by heating processes. Therefore, an isobaric perturbation (i.e. a vertical displacement in the diagram) of an equilibrium state where the slope of the curve is positive will revert the gas to the same equilibrium state, since an increase in T will move the gas to the cooling region, and the opposite for a decrease in T . Such equilibrium states are thus thermally stable. On the other hand, if the slope of the stability curve is negative, any perturbation tends to be amplified (an increase in T will move the gas where heating processes dominate, leading to a further increase of the temperature, and vice versa): the gas is thermally unstable and is likely to collapse rapidly into a different stable equilibrium state.
In the last few years, the stability curves of winds in X-ray binaries have been presented in some papers (e.g. Chakravorty et al. 2013 Chakravorty et al. , 2016 Higginbottom & Proga 2015; Higginbottom et al. 2016; Dyda et al. 2016) . In particular, these studies found that the wind becomes thermally unstable when the illuminating SED is that of a standard hard state, explaining the lack of detections of Fe K absorption in this state. Here we compute stability curves for the gas responsible for the observed absorption features in AX J1745.6-2901, adopting the observed SEDs as derived in Sect. 2. We use cloudy 13.03 (last described in Ferland et al. 2013 ) for the computations, adopting Solar abundances (as in Table 7 .1 of cloudy documentation), a density n = 10 12 cm −3 , a turbulence velocity 2 v turb = 500 km s
and a column density log(NH/cm −2 ) = 23.5, as in the photoionization models that best fit the absorption features of AX J1745.6-2901 in Ponti et al. (2015) . As described in the following, we will then investigate the effects on the stability curves of the assumed parameters.
As a first step, we adopted the baseline SEDs for the hard and the soft state (see Sect. 2 and Fig, 1 ). The corresponding stability curves are shown in Fig. 3 . The plasma observed in the soft state (log(ξs/erg s) = 4.00, Ts = 3.9 × 10 6 K) clearly lies in a thermally stable branch of the stability curve, as expected. On the other hand, assuming that the physical properties of the plasma did not change in the hard state (nr 2 = const), the different illuminating SED dramatically changes the stability curve, and the gas would now be in a thermally unstable branch (log(ξ h /erg s) = 3.19, T h = 3.5 × 10 6 K). Therefore, the gas is very unlikely to be observed in that state, being unstable. On the other hand, the stable branches of the ionization curve for the hard states correspond to ionization parameters characterised by negligible fractions of Fe xxv and Fe xxvi. This is clearly shown in Fig. 4 . The plasma observed in the soft state of AX J1745.6-2901 has strong Fe xxvi lines, and is indeed best described by a very high Figure 3 . Photoionization stability curves once the ionized absorbing plasma observed during the soft state is illuminated with the soft (red line) and the hard (blue line) baseline SEDs. The thermally unstable parts of the curves are highlighted with a thicker line. The red circle marks the position of the best-fitting parameters for the observed plasma in the soft state as found by Ponti et al. (2015) , which turns out to be a thermally stable solution. The blue square marks the position of the parameters of the plasma in the hard state, assuming that its physical properties did not change (nr 2 = cost): the solution is thermally unstable.
ionic fraction for H-like iron. In any case, all the ionization parameters dominated by Fe xxv and Fe xxvi are in a stable branch of the stability curve in the soft state. On the other hand, the corresponding values of the ionization parameter are all in unstable branches for the hard state: the absorption features are expected to disappear, as observed.
The photoionization equilibrium of a plasma is in principle uniquely determined by its ionization parameter and the shape of the incident continuum, with no dependence on density. However, the dependence on density of the various competing heating and cooling processes may produce different stability curves at different n for particular SEDs (e.g. Chakravorty et al. 2009; Różańska et al. 2008) . We therefore tested the effects of changing the assumed density on the stability curves presented above. The results are shown in Fig. 5 . In the soft state, the stability curves are very similar for all the densities probed in our simulations. In particular, the plasma parameters are always in a thermally stable solution. On the other hand, for the hard state a change of the slope of the stability curve appears between 10 17 < n < 10 16 cm −3 : at the highest densities, the branch of the curve where we would expect the plasma to be in the hard state becomes thermally stable. In other words, if the density were at least 10 17 cm −3 and all the other plasma parameters were the same as observed in the soft state, the absorption features produced by the plasma should still be visible in the hard state. The red vertical solid line marks the best-fitting value of the ionization parameter for the observed plasma in the soft state as found by Ponti et al. (2015) , while the blue vertical solid line the value of the ionization parameter in the hard state, assuming that its physical properties did not change (nr 2 = cost). The shaded blue and red bands are the ionization parameter's ranges where the plasma is in the unstable parts of the stability curves shown in Fig. 3 .
Different elements constitute important heating/cooling agents at different temperature and ionization parameters. It is therefore expected that the chemical abundances of the gas will yield significant differences in the stability curve. To investigate this dependence, we chose a number of representative chemical abundances for the companion stars in LMXBs (see Table 4 in Casares et al. 2016) . The results are shown in Fig. 6 . The differences are not very important for the soft state: in particular, the branch of the curve around the observed plasma's properties is not significantly affected by the tested abundances, and always remains stable. This is also true for the curves of the hard state, all being unstable as found above, apart from the curve relative to the abundance of Nova Scorpii 1994 (GRO J1655-40), which is indeed the only one characterised by iron underabundance. In this case, the curve appears just at the end of the stable branch. Therefore, iron underabundance may keep the plasma stable in the hard state, of course at the expense of lower EWs for the iron lines due to the underabundance itself.
Once we investigated the effects on the stability curves due to the physical parameters of the gas, we further explored the influence on the curve of the different SEDs which can characterize AX J1745.6-2901 both in the hard and in the soft state, as derived in detail in Sect. 2, and shown in Fig. 2 . The results are shown in Fig. 7 . The stability curves for all the SEDs of the soft state are very similar, and the gas is always in a thermally stable solution. In particular, it Figure 5 . Photoionization stability curves once the ionized absorbing plasma is illuminated by the soft (Left) and hard (Right) state SEDs but for different densities. As in Fig. 3 , the red circle marks the position of the best-fitting parameters for the observed plasma in the soft state while the blue square marks the position of the parameters of the plasma in the hard state. The dashed lines in both diagrams have the same value of the ionization parameter ξ. The solutions for the soft state are always thermally stable, while those for the hard state are thermally unstable, with the exception of the highest density probed in our simulations. Figure 6 . Photoionization stability curves when the ionized absorbing plasma has different chemical abundances. As in Fig. 3 , the red circle marks the position of the best-fitting parameters for the observed plasma in the soft state while the blue square marks the position of the parameters of the plasma in the hard state. The dashed lines in both diagrams have the same value of the ionization parameter ξ. The solutions for the soft state are always thermally stable, while those for the hard state are thermally unstable, with the only exception of the curve relative to the abundance of Nova Scorpii 1994, which is indeed the only one characterised by iron underabundance.
is interesting to note that, as expected, the inclusion of a radio emission similar to that of the hard SED does not affect the stability of the curve in a significant way. Moreover, the plasma branch remains unstable in the hard state, even if the radio emission is switched off. In other words, the radio emission of the jet is not relevant for the thermal stability of the plasma. On the other hand, the inclusion of a high energy cutoff in the hard X-rays dramatically changes the stability curve in the parameter region relevant for the iron absorption lines. The lower limit on the cutoff energy compatible with NuSTAR data still keeps thermally unstable that branch of the curve, but it is clear that the curve will tend to the soft state stability curve for lower values of the cutoff. This is a quantitative demonstration that the main difference between the SEDs in the two states affecting the thermal stability of the plasma is represented by the hard X-ray emission.
STATE TRANSITIONS
The results presented in the previous section show that the iron absorption lines observed in AX J1745.6-2901 are compatible with the SEDs observed in the soft state, with no strong dependence on any of the physical and chemical parameters investigated here. On the other hand, they are not compatible with the SEDs of the source in the hard state, due to the enhanced hard X-ray emission. Is this enough to explain the correlation between the state and the presence of the plasma?
In order to take into account only effects related to photoionization thermal stability, let us assume that the absorption lines are produced by a static cloud (with null outflow velocity vout = 0), placed at a fixed distance r and with fixed extension ∆r, without any external mechanism of creation or replenishment. We can derive a simple estimate of the dimension of the system by using the total mass M = MNS + M * ∼ 2.2 M , a mass ratio q = MNS/M * ∼ 1.75, and the orbital period P = 30063.6292 s (Ponti et al. 2017) . From Kepler third law, we get the distance between the NS and the companion star a ∼ 9×10 11 cm, and the Roche lobe can be estimated via the Eggleton (1983) approximation to be rL ∼ 0.43a ∼ 4 × 10 11 cm. Adopting this conservative value as the limiting radial extent of the plasma (∆r ∼ rL) and assuming a filling factor of unity (f = 1), the observed column density in the soft state [log(NH/cm −2 ) = 23.5] implies a lower limit on the density of the plasma n > 8 × 10 11 cm −3 . In the following, we will therefore assume n = 10 12 cm −3 , as in our baseline photoionization runs. All the relevant timescales discussed below depend inversely on density in the same way, so they are shorter for larger densities, but their ratios are constant (e.g. Gonçalves et al. 2007 ).
Soft to hard
After the transition from the soft to the hard state, the gas in the plasma will react immediately to the new illuminating SED, since the recombination time at n = 10 12 cm −3
is of the order of seconds, and the ionization timescale is even smaller (e.g. Gonçalves et al. 2007) . Moreover, for a temperature of T ∼ 4 × 10 6 K, the thermal timescale is only slightly larger, of the order of tens of seconds (e.g. Gonçalves et al. 2007) . Therefore, the gas will instantaneously move to the new equilibrium state in the corresponding stability curve, reaching at the same time the ionization and temperature equilibrium, since the two timescales are very similar. It seems then reasonable to assume that, during the transition, both the density n and the distance r of the gas from the illuminating source remain constant. However, as shown in the previous section, this equilibrium state is unstable, and any perturbation will make the gas migrate to a stable solution, on timescales governed by the dynamical timescale:
where N23 is the column density in units of 10 23 cm −2 , n12 is the hydrogen density in units of 10 12 cm −3 , and T is the temperature of the gas in units of 10 5 K (e.g. Gonçalves et al. 2007 ). Assuming a total column density as in the observed plasma in the soft state (NH = 3 × 10 23 cm −2 : Ponti et al. 2017) , and the expected temperature T h = 3.5 × 10 6 K of the unstable position just after the transition to the hard state (marked in Fig. 3 assuming that nr 2 = const during the transition), we get t dyn ∼ 1 × 10 4 s. Therefore, starting from this unstable position, in few hours any perturbation will move the gas to a stable solution. Assuming that the average distance r of the gas will not change in this timescale (since vout = 0), the new stable equilibrium will be characterized by different values of T , ξ, and n.
Considering the stability curve in Fig. 3 , in the hard state, several phases of the gas can coexist in pressure equilibrium at values of log ξ/T around the initial unstable solution. If the plasma moves isobarically from the unstable solution after the transition (i.e a straight vertical displacement, with log ξ/T kept constant), we have two stable solutions at log(ξ h1 /erg s) = 1.10, T h1 = 2.8 × 10 4 K, and log(ξ h2 /erg s) = 4.76, T h2 = 1.3 × 10 8 K. Since they are in pressure equilibrium, n h1 T h1 = n h2 T h2 = n h T h , so n h1 = 1.2 × 10 14 and n h2 = 2.7 × 10 10 cm −2 , if n h = 10 12 cm −2 is the assumed density before and after the transition. There is no easy way to predict which stable solution the plasma will choose: hot and cold clumps can coexist adopting an unknown geometry, or a hot, dilute medium may confine cold, denser clumps, and a part of the cold phase may continuously evaporate to the hot phase and vice versa in a dynamical timescale (e.g. Gonçalves et al. 2007) .
For simplicity, we may envisage a colder gas condensed in smaller bubbles, with a low filling factor, embedded in a hotter gas with a corresponding larger filling factor. Assuming that the two gas phases occupy the whole available volume (i.e. the filling factors are such that f h1 + f h2 = f = 1), the conservation of the total mass leads to:
The hot phase has a very high ionization parameter, Figure 7 . Photoionization stability curves when the ionized absorbing plasma is illuminated by the different SEDs described in detail in Sect. 2, both in the soft (Left) and in the hard (Right) state. As in Fig. 3 , the red circle marks the position of the best-fitting parameters for the observed plasma in the soft state while the blue square marks the position of the parameters of the plasma in the hard state. The dashed lines in both diagrams have the same value of the ionization parameter ξ. Also in these computations, all the solutions for the soft state are always thermally stable, while those for the hard state are thermally unstable.
corresponding to a negligible fraction of Fe xxv and a very low fraction of Fe xxvi (see upper panel of Fig. 4 ), combined with a low column density. Indeed, the result of a computation with cloudy, adopting the hard SED, log(ξ h2 /erg s) = 4.76, log(n h2 /cm −3 ) = 10.4 and log(N H h2 /cm −2 ) = 21.9 (from Eq. 3), gives a completely transparent medium, apart from a very weak Fe xxvi Kα absorption line with an EW∼ 2 eV. This is indeed lower than the tightest upper limit found by Ponti et al. (2015) in the hard state. In other words, this component of the plasma will become unobservable.
On the other hand, a computation of cloudy of the cold phase (log(ξ h1 /erg s) = 1.10, log(n h1 /cm −3 ) = 14.1) returns a gas which is substantially neutral. The column density expected for this neutral phase should be of the order of the one observed in the soft state, i.e. log(N H h1 /cm −2 ) = 23.5 (see Eq. 2). This is a substantial column density for a neutral gas, capable of absorbing the X-ray emission up to 3 keV. Incidentally, this value is the same as the neutral column density observed in AX J1745.6-2901 both in the hard and in the soft state (log(NH/cm −2 ) 23.5: Ponti et al. 2017 ). However, the filling factor of this phase is expected to be very low (see Eq. 2), so it would be only observed as a sporadic change of the persistent neutral absorption. Ponti et al. (2017) report a neutral column density which is constant within few 10 22 cm −2 in all the observed hard and soft states. However, dips are excluded in their analysis.
It is well known that the spectra of LMXBs during dipping events are characterised by larger column densities (∆NH up to 5 × 10 23 cm −2 ) and lower ionization parameters (∆ log ξ up to -1.5) with respect to persistent states (Díaz Trigo et al. 2006, and references therein) . The spectra during the dips in AX J1745.6-2901 have been indeed fit by Hyodo et al. (2009) with (partial) covering of neutral gas with column densities up to 10 24 cm −2 . It is therefore difficult, from an observational point of view, to discriminate between the dipping phenomenon and the expected signatures from the cold phase in the hard state.
It is worth noting that the existence of the cold phase depends on the density of the plasma. In Fig. 5 , the hightemperature branch of the stability curve in the hard state is the same for all densities, so the hot phase is always expected to be present. On the other hand, the low-temperature branch shifts to the left with increasing density. Therefore, the condensation from the unstable solution to the cold phase will move the plasma to the corresponding curve at larger density (as estimated above, n h1 = 1.2 × 10 14 cm −2
if the initial density is n = 10 12 cm −2 ). If the initial density is larger, the stability curve for the cold phase will not be in pressure equilibrium with the hot phase any more, so you may expect only the latter to exist. This will happen when the density of the cold phase approaches ∼ 10 16 cm −3 .
Hard to Soft
At this point we can make the same reasoning as before in the transition from the hard back to the soft state. Assuming again that nr 2 remains constant after the transition, the cold phase will move to log(ξ/erg s) = 1.91. This is a stable equilibrium for the SED of the soft state (at T = 1.5 × 10 5 K: see Fig. 3 ). This gas would be only moderately ionized, incapable of impressing iron absorption features to the spectrum (Fig. 4) , but still compatible with the dipping spectra as observed in the soft state. On the other hand, the hot phase will get even more ionized, up to log(ξ/erg s) = 5.57, a stable solution (although outside the range computed in Fig. 3 ), but completely transparent. Note that these two phases will not be in pressure equilibrium in the soft state, so, in principle, they will not be confined at the same average distance. Moreover, all the observed soft states always present the same properties (ξ, NH) of the plasma, with small scatter (Ponti et al. 2017) . Therefore, even if our simple static model easily explains why the iron absorption lines disappear in the hard state, it does not explain why they re-appear back in the soft state. There must be a mechanism that re-creates the plasma in the soft state, and this mechanism must be self-similar each time, since the plasma properties are always the same in the soft states.
THE ACCRETION DISC ATMOSPHERE?
The central energies of the iron absorption lines in the XMM-Newton spectra of AX J1745.6-2901 are consistent with their rest-frame energies, with upper limits on the outflow velocities of ∼ 1 000 km s −1 , basically due to the uncertainties on the energy scale calibration of the EPIC pn (Ponti et al., 2017) .
The observational data are therefore consistent with a static gas in AX J1745.6-2901. A possible identification for this gas might be in terms of the atmosphere of the accretion disc.
The observed ionization parameter of the plasma in the soft state (log(ξ/erg s) = 4) is compatible with a density: 
where r10 is the distance of the illuminated face of the plasma to the illuminating source (the inner accretion disc), in units of 10 10 cm. On the other hand, the density of a standard steady α accretion disc can be written as (see e.g. Frank et al. 2002) n ad 6.7 r 
where we have used a viscosity parameter α = 0.1, a mass and a radius for the neutron star MNS = 1.4 M and RNS = 10 km, an efficiency η = 0.1 and an Eddington ratio L/L Edd = 0.05 (Ponti et al. 2015) . For MNS = 1.4 M , r10 corresponds to ∼ 5 × 10 4 rg. Given the very similar dependence on radius, the ratio between these two densities is approximately constant nw/n ad ∼ 7 × 10 −6 . Assuming hydrostatic equilibrium, the density of the disc is expected to decrease vertically as (see e.g. Frank et al. 2002) n(r, z) = n(r) exp (−z 2 /2H 2 )
where n(r) is the density on the central disc plane (as described by 5), and H ∼ c 2 s RNS RNS/GMNS is the typical scale height of the disc in the z-direction, c 2 s being the sound speed. Therefore, a decrease of the density by a factor nw/n ad ∼ 7 × 10 −6 corresponds to a height z ∼ 4.9 H. If, as proposed above, we identify the plasma in AX J1745.6-2901 as the disc atmosphere, we automatically introduce a mechanism that re-creates it in the soft state, exactly with the same characteristics every time. Indeed, following the transition to the soft state, the accretion disc reverts back to a standard geometrically thin, optically thick disc, and the density of its atmosphere at height z ∼ 4.9 H is regulated by the same equations as above. The plasma will therefore acquire the same density and geometrical structure as above, re-producing the same absorption features every time the source is observed in the soft state.
On the other hand, outflow velocities in the range 10 2 − 10 3 km s −1 have been observed in high inclination BH and NS LMXBs. Indeed, an outflow velocity of just 100 km s −1 would falsify our initial assumption of a static gas, since, in a dynamical timescale the gas could move ∼ 10 11 cm, which is comparable to the distance of the gas from the illuminating source. In this case, a launching mechanism for the wind must be invoked in order to re-create the wind in the soft state and replenish it constantly with the same properties. Since the accretion disc itself is expected to change dramatically after the state transitions, it is very likely that this launching mechanism also changes between the soft and the hard state, and this must be taken into account for a global understanding of the plasma behaviour. This approach is attempted in other works (see e.g. Chakravorty et al. 2016 ), but it is beyond the scopes of this paper, which is only focused on the photoionization properties of the plasma.
